Measurements of the ρ and η parameters of the V CKM matrix and perspectives.
Introduction
The search for CP violation in B meson decays, at B-factories or high energy hadron colliders, is usually justified by the quest to explain the asymmetry matter-antimatter in the Universe [1] . The Standard Model CP violation, which is contained in the Cabibbo, Kobayashi, Maskawa matrix, fails by about 10 orders of magnitude to account for the measured abundance of baryons [2] . It is then necessary to invoke non-Standard Model sources of CP violation and many possibilities exist. As an example, in the Supersymmetric extension of the Standard Model, additional phases are present but there is no guarantee that these phases produce measurable effects in B decays or that they can really account for the cosmological excess of baryons.
In this paper, a pragmatic attitude has been adopted which consists in considering the limiting factors on the precision of consistency tests of the Standard Model predictions and a special emphasis has been placed on the control of uncertainties coming from the strong interaction operating in the non-perturbative regime.
In the Standard Model, weak interactions among quarks are codified in a 3×3 unitary matrix: the V CKM matrix. The existence of this matrix conveys the fact that quarks which participate to weak processes are a linear combination of mass eigenstates. The V CKM matrix can be parametrized in terms of four parameters: λ, A, ρ and η and the Standard Model predicts relations between the different processes which depend on these parameters; CP violation is one of those. The unitarity of the V CKM matrix can be visualized as a triangle in the ρ − η plane. Several quantities which depend on ρ and η can be measured and, if the Standard Model is correct, they must define compatible values for the two parameters, inside measurement errors and theoretical uncertainties. Extensions of the Standard Model, as Supersymmetry, provide different parametrizations, for the same observables, and additional parameters to ρ and η. The position of the summit of the unitarity triangle, given by the ρ and η coordinates, will be different in this scenario. It has to be stressed that only the extentions of the Standard Model in which the flavour changes are controlled by the V CKM matrix are considered in this paper.
It is thus of interest to measure accurately as many observables as possible to have evidence for physics outside the Standard Model. By the year 2000, HERA-B and Bfactories are expected to measure CP violation phases which are directly related to the angles α and β of the unitarity triangle. The aim of this paper is to review present constraints on ρ and η obtained from existing measurements of B With the same constraints, and considering the expected improvements of current analyses and of lattice QCD evaluations, possible uncertainties on ρ and η have been evaluated from future measurements. After the year 2000, the contribution from precise measurements at a Tau-Charm factory, has been also considered. It is shown that a well defined region, in the (ρ, η) plane, can be obtained, independently of the measurements of the angles α and β of the unitarity triangle. As these angles are expected to be measured at the same time, with a reasonable accuracy, it will be of interest to verify if the two approaches give compatible results.
The Cabibbo-Kobayashi-Maskawa (CKM) matrix : an historical introduction
In the early 60's there were three quark flavours. The quark u with charge +2/3, the quarks d and s of charge -1/3. By analogy with leptons it was suggested that the quarks were also organized into doublets and the existence of a new quark of charge 2/3 was proposed [3] . An intense experimental activity on strange particles shown, at the same time, that the absolute decay rate for ∆S =1 transitions was suppressed by a factor of about 20 as compared to ∆S =0 transitions. In 1963 Cabibbo proposed [4] a model to account for this effect. In this model the d and s quarks, involved in weak processes, are rotated by a mixing angle θ c : the Cabibbo angle. The quarks are organized in a doublet :
the small value of θ c (≃ 0.22) is responsible for the suppression of strange particle decays (the coupling being proportional to sin 2 θ c ). In this picture the slight suppression of n → pe − ν e with respect to the rate of µ − → e − ν µ ν e is also explained by the fact that the coupling in the neutron decay is proportional to cos 2 θ c . In the other hand, in this model, the neutral current coupling is of the form uu + ddcos 2 θ c + sssin 2 θ c + (sd + ds)cosθ c sinθ c .
The presence of the (sd + ds) term implies the existence of a flavour changing neutral current (FCNC). This was a serious problem for the Cabibbo model, since all the observed neutral current processes were characterized by the selection rule ∆S = 0. In 1970 Glashow, Iliopoulos and Maiani [5] (GIM) proposed the introduction of a new quark, named c, of charge 2/3 and the introduction of a new doublet of quarks formed by the c quark and by a combination of the s and d quarks orthogonal to d c :
In this way the (sd + ds) term in the neutral current disappears. The discovery of the charm quark in the form of cc bound states [6] and the observation of charmed particles decaying into strange particles [7] (the cs transitions which are proportional to cos 2 θ c dominate over the cd transitions which are proportional to sin 2 θ c ) represent a tremendous triumph of this picture. The charge current can then be written:
where u, d, s, c are the mass eigenstates and V is defined as:
V is the Cabibbo unitary matrix which specifies the quark states which are involved in weak interactions. This matrix express the fact that there is an arbitrary rotation, usually applied to the -1/3 charged quarks, which is due to the mismatch between the strong and the weak eingenstates. In 1975 the Mark I group at SPEAR discovered the third charged lepton : the τ [8] . Two years later the fifth quark, the b, was also found at FNAL [9] . The indirect existence for the top quark t from the observation of [10] suggested the existence of a heavier version of the doublets (u,d) and (c,s) (the t quark has been recently discovered at Fermilab [11] in pp collisions) The existence of three quark doublets was already proposed by Kobayashi and Maskawa in 1973 [12] as a possible explanation of CP violation. Their proposal is a generalization of the Cabibbo rotation and implies that the weak flavour changing transitions are described by a 3 × 3 unitary matrix:
This matrix can be parametrized using three real parameters and one phase which cannot be removed by redefining the quark field phases. This phase leads to the violation of the CP symmetry. In fact since CPT is a good symmetry for all quantum field theories, the complexity of the Hamiltonian implies that the time reversal invariance T and thus CP is violated. In this picture the Standard Model includes CP violation in a simple way. Several parametrizations of the V CKM matrix exist. The standard parametrization is [13] : where c ij and s ij stand for cosθ ij and sinθ ij respectively, the indices 1, 2, 3 represent the generation label and δ 13 is the phase. Experimentally there is a hierarchy in the magnitude of these elements. The parametrization proposed by Wolfenstein [14] , in terms of four parameters: λ, A, ρ and η, is motivated by this observation. By definition these parameters verify the following expressions:
The V CKM matrix elements can be expanded in powers of λ and, without any prejudice on the possible values for A, ρ and η, expressions valid up to 0(λ 6 ) have been obtained :
(8) η accounts for the CP violating phase. This parametrization is still approximated but is completely adequated to the arguments developed in this paper. This parametrization shows that the matrix is almost diagonal, namely that the coupling between quarks of the same family is close to unity, and is decreasing as the separation between families increases.
3
The A and λ parameters
The λ parameter has been measured using strange particle decays involving the s → u transitions. It is obtained from the measurement of K l3 decays :
+ ν e and from hyperons semileptonic decays. The average of these measurements is [13] :
Studies of c → d transitions, in neutrino production of charmed particles and in charmed particle decays into non-strange states, give a compatible determination of λ which is nearly ten times less precise [13] | V us |= λ = 0.224 ± 0.016 (10) The average of the previous determinations gives the following value for λ:
In the Wolfenstein parametrization the parameter A is introduced and defined from the expression :
The value of | V cb | can be determined in two ways :
• from LEP measurements of the inclusive lifetime, τ b , and of the semileptonic branching fraction (BR b sl ) of B hadrons. | V cb | can be obtained from the following expression :
The term γ c includes the dependence on m b , m c and contains also QCD corrections. An analogous definition is valid at the Υ(4S) using the measured branching ratio, Br(B → ℓ + νX), and the average B + /B 0 d lifetimes. The use of experimental data and of theoretical models [15] is subject to an intense discussion [16] . A detailed review can be found in [17] [18] [19] . From the values given in Table 1 and using the relation (13), | V cb | has been evaluated to be:
The second quoted error reflects theoretical uncertainties on the parameter γ c and it has been overestimated according to the authors of [20] .
• from the interpretation of the measurement of the exclusive branching fraction, BR(B → D * ℓν), in the HQET framework [23] . The measurements done at the Υ(4S) and at LEP [24] give:
Using for F(1), which deviates from unity because of strong interactions, the value [23] :
it follows: Assuming that the theoretical uncertainties are uncorrelated and averaging the two previous determinations, | V cb | results to be :
which corresponds to:
The unitarity triangle
From the unitarity of the CKM matrix ( V V † = 1) three independent equations relating its elements can be written. In particular, in transitions involving b quarks, the scalar product of the third column with the complex conjugate of the first row must vanish :
Using the parametrization given in eq. (8) , and neglecting contributions of order 0(λ 7 ), the different terms, in this expression, are respectively:
where the parameters ρ and η have been introduced [25] :
The three expressions are proportional to Aλ 3 which can be factored out and the geometrical representation of eq. (20) , in the (ρ-η) plane, is a triangle with summits at C(0,0), B(1,0) and A(ρ-η) ( see Figure 1 ) The following relations hold :
these expressions are valid up to 0(λ 4 ). The Standard Model, with three families of quarks and leptons, predicts that all measurements have to be consistent with the point A(ρ − η). 
Charmless semileptonic decays of B mesons.
The presence of leptons above the kinematical limit for leptons produced in the decay B → Dℓν ℓ , at the Υ(4S), is attributed to b → uℓν ℓ transitions. As only a small fraction of the energy spectrum of these leptons is accessible experimentally, there is, at present, a large systematic uncertainty in the modelling of these transitions to evaluate the value of |V ub | [13] :
This measurement corresponds to the following constraint in the (ρ-η) plane:
4.2 CP violation in the K 0 − K 0 system. Indirect CP violation in the K 0 − K 0 system is usually expressed in terms of the | ǫ K | parameter which is the fraction of the CP violating component in the mass eigenstates. Replacing |V cs | by its expression in terms of the Wolfenstein parameters, the following equation is obtained, having neglected 0(λ 4 ) terms:
Another contribution, proportional to the ratio ξ = Im(A(K → ππ) I=0 )/Re(A(K → ππ) I=0 ), which is at most a 2% correction to ǫ K [26] has been also neglected. The constant
is equal to 3.85 × 10 4 (see Table 2 ). The η i parameters include perturbative QCD corrections which have been evaluated recently at the next to leading order [27] [28]:
The expressions for S(x c ) and
. An important theoretical uncertainty in eq. (25) comes from the "bag" parameter B K which is of non-perturbative QCD origin. From recent lattice QCD evaluations the following value can be quoted [29] :
The first error corresponds to the present uncertainty of this evaluation inside the quenched approximation and the second error is related to the quenched approximation itself. The scale-invariant value for B K is then evaluated, so that it will be consistent with the conventions used to obtain the η i parameters [28] :
In this expression, J 3 = system can be expressed as:
where
In this expression only terms in which the top quark contributes have been retained because they dominate. The mixed term with top and charm quark is almost 600 times smaller than the dominant one; the one involving only charm quarks is suppressed by an extra factor ten [30] . The function F (x t ) is given by:
has a smooth variation with x t and is equal to 0.54, for m t = 180 GeV /c 2 . The scale for the evaluation of perturbative QCD corrections entering into η B and the running of the t quark mass have to be defined in a consistent way [28] . The measured value of the pole top quark mass obtained by CDF and D0 collaborations (m pole t = 175 ± 6 GeV /c 2 [11] ) has to be corrected downwards by (7 ± 1)GeV /c 2 . The following values have been used:
The dominant uncertainties in eq. (30) comes from the evaluation of the B meson decay constant f B d and of the "bag" parameter B B d . There is a vast literature on lattice QCD calculations of f B . From the reviews [31] based on recent studies [32] , the preferred value is :
where the first uncertainty is obtained using the quenched approximation and the second uncertainty accounts for the use of this approximation itself. These results are compatible with those obtained using sum rules technique [33] , the relativistic quark model [34] and the QCD potential model [35] . The bag factor B B d has been evaluated using lattice QCD in a way which is consistent with the result quoted for B K . At the 2 GeV scale, the following value from lattice QCD is obtained:
where the errors have the same meaning as in eq. (33) . The scale-invariant value for B B d has been obtained using the following expression [27] :
in which J 5 = 5165 3174
and gives:
Due to the dependence in f 
The relative uncertainty on the square of this variable, which enters into expression (30), is then at the level of 50%. Using the parametrization given in eq. (30) the expression for ∆m d becomes:
which gives a constraint on the AB side of the triangle, corresponding to a circle centered on B, in the (ρ-η) plane. The ratio between the Standard Model expectations for ∆m d and ∆m s is given by the following expression :
B
Neglecting terms of order 0(λ 4 ), | V ts | is independent of ρ and η and is equal to
). A measurement of the ratio
gives the same type of constraint, in the ρ-η plane, as a measurement of ∆m d because it is also proportional to the length of the side AB of the unitarity triangle. This ratio is expected to be less dependent on the absolute values of f B and B B , and lattice QCD predicts [36] :
The first error corresponds to the present uncertainty of this evaluation inside the quenched approximation and the second error is related to the quenched approximation itself.
The present limit on ∆m s allows to restrict the accessible domain for the ρ and η parameters. Measurements of ∆m d , |V ub | and | ǫ K | can be used also to define the most probable region for ∆m s and
5 Present constraints on the ρ and η parameters.
5.1
The methods
The constraints on ρ and η have been obtained in two ways. These parameters can be determined by fitting their values from the three expressions given in (23), (25), (38), (39) for, respectively, Table 2 . An equivalent approach has been developed which consists in building up the two dimensional probability distribution for ρ and η. This is done in the following way.
• a point uniformly distributed in the (ρ − η) plane, is chosen,
• values for the different parameters entering into the equations of constraints are obtained using random generations extracted from Gaussian distributions
• the predicted values for the four quantities,
are then obtained and compared with present measurements. A weight is computed assuming that the measurements have Gaussian errors. As an example, the weight corresponding to the constraint provided by the measurement of ∆m d is:
where σ(∆m d ) is the measurement error on ∆m d . The final weight is equal to the product of the four weights.
• the sum of all weights, over the (ρ − η) plane, is normalized to unity and contours corresponding to 68% and 95% confidence levels have been defined. 
±0.015ps
= 1.17 ± 0.13 this paper ±0.06 varied η 1 = 1.38 ± 0.53 [27] , [28] varied η 2 = 0.574 ± 0.004 [27] , [28] fixed η 3 = 0.47 ± 0.04 [27] , [28] varied η B = 0.55 ± 0.01 [27] fixed The allowed region for ρ and η using the parameters listed in Table 2 . The contours at 68% and 95 % are shown. The continous lines correspond to the constraints obtained from the measurements of
The dotted curve corresponds to the 95 % C.L. upper limit obtained from the experimental limit on ∆m s . This last constraint has not been included when determining the allowed region. The position of the apex of the triangle corresponds to the most probable value which coïncides with the fitted value given in (42) .
It has been verified that the two approaches give equivalent results by comparing these contours with those given by the fitting procedure. The second approach allows to construct the probability distribution for several parameters of interest such as ∆m s , sin2α and sin2β. In this approach non-Gaussian distributions for the errors on the experimental measurements of the constraints and on the parameters entering into the equations of the constraints can be used. An example is given in (Section 5.2.2).
5.2
Results with present measurements.
Measured values of the ρ and η parameters:
The contours corresponding to 68% and 95% confidence levels are shown in Figure 2 It has been verified that, when using the same set of values for the parameters listed in Table 2 as those given in [37] , the fitted values for ρ and η and their corresponding errors were also similar.
The different sources of error which determine the size of the allowed region are examined in the following. Simplified expressions for the uncertainties on ρ and η have been obtained assuming that these two parameters are determined by the measurements of ∆m d and | ǫ K | respectively. The expressions are:
The last mentioned contribution in these expressions comes from the uncertainty in the evaluation of effects from strong interactions at the next to leading order. Using the central values for the parameters listed in Table 2 and their corresponding uncertainties, the expected error on ρ becomes:
The error on ρ is almost entirely due to the uncertainty on f B d B B d which is of theoretical origin (37) . Its present value does not allow to profit from the accurate measurement of the ∆m d parameter, which is known at the level of 4% relative error ( see Table 2 ). The possibility of having a more precise determination of f B d is considered in the section dedicated to the perspectives (Section 6). The second important contribution to the error on ρ is coming from the uncertainty on the A parameter extracted from the measurement of |V cb |.
For the η parameter, the corresponding result is obtained:
The uncertainty on η is governed by the theoretical uncertainty on B K and by the measurement error on A. The error on A plays an important role since, for ρ ≃ 0, eq. (25) tells that: | ǫ K |≃ B K A 4 . In the considerations, developped in the second part of this paragraph, the effect from the measurement of
, which can further reduce the accessible region, has been neglected.
5.2.2
Measured values for ρ and η when including the current limit on ∆m s .
As mentioned in section 4.4 a possibility to reduce the uncertainty on ρ is the measurement of the ratio at 95%C.L.
This limit has been obtained in the framework of the amplitude method [39] which consists in measuring, for each value of the frequency ∆m s , an amplitude a and its error σ(a).
The parameter a is introduced in the time evolution of pure B The allowed region for ρ and η using the parameters listed in Table 2 . The contours at 68% and 95 % are shown. The full lines correspond to the central values of the constraints given by the measurements of A randomly distributed decay time distribution which is expected for very large values of ∆m s , corresponds to a = 0 and the 95% C.L. excluded region for ∆m s is obtained in evaluating the probability that, in at most 5% of the cases, the observed amplitude is compatible with the value a = 1, this corresponds to the condition:
This limit on ∆m s allows to cut the left side part of the ρ − η region (Figure 3 ). However the set of measurements a(∆m s ) contains more information than the 95% C.L. limit. It is possible to build a χ 2 , which quantifies the compatibility of a(∆m s ) with the value a = 1, defined as:
and which can be used as a constraint.
The new allowed region for the ρ and η parameters is shown in Figure 3 . The result of the fit gives :
+0.13
−0.25 ; η = 0.33
It can be noticed that the present limit on ∆m s gives a reduction by a factor of 1.5 on the negative error of ρ. A similar fit has been performed using flat distributions for the quantities in which the The allowed region for ρ and η using the parameters listed in Table 2 . Flat distributions have been used for
and ξ which have the same variance as the previously Gaussian distributions. The contours at 68% and 95 % are shown. The inset shows the comparison between the contours at 68% and 95 % for Gaussian distributions ( clearer contours ) and for flat distributions ( darker countours ).
systematic error is dominant. These quantities are :
and ξ. The considered variation for these distributions have been chosen such that the new, flat, and the previous, Gaussian, distributions have the same variance. The new allowed region for the ρ and η parameters is shown in Figure 4 .
The comparison between the contours at 68% and 95 % of this new allowed region with those obtained with only Gaussian distributions ( Figure 3 ) is shown in the inset of Figure 4 . The difference is small and is essentially due to the uncertainty on
5.2.3
Simultaneous measurement of ρ-η and
Instead of using f B d B B d as an external constraint, this quantity can be also fitted together with the ρ and the η parameters. The result is: The ∆m s probability distribution obtained with the same constraints as in Figure 2 . The dark-shaded and the clear-shaded intervals correspond to 68% and 95 % confidence level regions respectively. The inset shows the comparison between the ∆m s probability distributions for Gaussian distributions ( clearer contours ) and for flat distributions ( darker countours )
5.2.4
∆m s probability distribution.
One of the advantage of having explicitly built up the two-dimensional probability distribution for ρ and η is that the weights previously defined can be used to obtain the probability distribution for ∆m s . This distribution is shown in Figure 5 . It is expected that the value of ∆m s is in the range between 6.5 and 15 ps −1 at 68% C.L. The most probable value is around 10 ps −1 . At 95 % C.L. ∆m s has to be smaller than 21 ps −1 . The current LEP combined lower limit at 8 ps −1 is just exploring the one sigma expected region for ∆m s . The ∆m s distribution has been also obtained using flat distributions for the quantities in which the systematic error is dominant as explained at the end of Sec. 5.2.2. At 68% C.L., ∆m s is expected between 5 and 15 ps −1 , the most probable value is around 9 ps −1 and at 95 % C.L. ∆m s has to be smaller than 22 ps −1 . The comparison between the new ∆m s distribution with those obtained with only Gaussian distributions is shown in the inset of Figure 5 .
5.2.5
Measured values for sin2α and sin2β .
Present measurements of ∆m d , |V ub |, | ǫ K | and the limit on ∆m s can be used also to define the allowed region in the plane (sin2α, sin2β), where α and β are respectively The accuracy on sin2β is already at the level expected in the year 2000 at B-factories. The value of sin2α is more uncertain because it depends a lot on the measurement of ρ; for the fitted values of ρ and η, the error on σ(sin2α) is typically ≃ 5 σ(ρ). Using flat distributions for the quantities in which the systematic error is dominant, as explained in Sec. 5.2.2, the new value for sin2β is equal to 0.82
The perspectives 
The method proposed in the following, to evaluate f B , consists in using this measurement and the extrapolation from the D to the B sector, as predicted by lattice QCD [43] . At present, the ratio f Ds /f D + has also to be taken from the theory and the value given in [44] has been used:
where the last error is an estimate of uncertainties from the quenching approximation. The ratio f B /f D is then obtained using the expected variation, from lattice QCD, of f × √ M as a function of 1/M and requiring that the prediction coïncides with the measured decay constant in the D region. From the dispersion of present predictions, it has been assumed that this extrapolation gives an additional 10% relative error. It results that:
The value obtained for f B d , in this approach is well compatible with the absolute prediction from lattice QCD (eq. 33) and also with the value favoured by the measurements of
and the limit on ∆m s , corresponding to eq. (47)
This approach seems promising because accurate experimental measurements can be obtained in future. In the coming years, improvements are expected from CLEO and from LEP on the absolute decay rate D
A spectacular improvement is expected from a future Tau-Charm factory where f Ds and f D + can be measured with a relative accuracy of 1.5%. These two measurements can provide very strict constraints on results from lattice QCD. In particular they can validate unquenched evaluations when going from bound states made with an heavy quark and a strange or a non-strange antiquark. On the other hands a theoretical effort has to be done to further reduce the error from the extrapolation between the D and B mass regions. 
6.2
Improvements on the determination of the ∆m s frequency
The best limit on ∆m s ( ∆m s > 8.0ps −1 at 95%C.L. ) is coming from the combination of the latest analyses from ALEPH, DELPHI and OPAL collaborations at LEP. Improvements are expected by adding new analyses, from the refinement of present ones and from new results from the SLD experiment. From a study, done in DELPHI, the final LEP sensitivity 1 for ∆m s will be around 12.5 ps −1 [45] which is above the expected most probable value of 10 ps −1 as shown in Figure 5 . It has been also demonstrated [45] that this result is mainly limited by the available statistics collected by the experiments. A gain of a factor four in statistics would allow to have a sensitivity up to ∆m s = 16 ps −1 . In this case, for a value of ∆m s = 10 ps −1 , which corresponds to the most probable value, at present, a measurement, with a precision better than 15 % could also be performed [45] .
6.3
Improvements on A, m t and
As shown in Section 3 the measurement of | V cb | comes from the average of two methods. The first one uses the values of the inclusive lifetime and of the inclusive semileptonic branching fraction of B hadrons. Its precision is limited by the accuracy on the theoretical parameter γ c . An improvement on its determination is expected [20] , [46] . The second method uses the measurement of Br(B → D * ℓν) in the framework of HQET. The precision of this measurement is limited by experimental errors. On statistical errors, improvements are expected mainly from the CLEO experiment. The main systematic uncertainties come from the errors on the B 0 d lifetime, on the B 0 d production rate in jets and on the D * * production rate in B hadron semileptonic decays. These parameters can be more precisely measured at LEP in the near future. All these improvements could allow to reach a precision of ±0.001 on | V cb | which corresponds to an uncertainty of ±0.025 on A. Theoretical improvements are also expected to extract the ratio |V ub | |V cb | [46] . A possible error of ±0.01 will be considered in the perspectives. In addition the final analyses of CDF and D0 at Fermilab should allow to reach a precision of ±5GeV on the top mass. The ρ-η allowed region in the "Year 2000" scenario. Contours at 68% and 95 % are indicated.
6.4
Different scenarii.
Three scenarii are presented in this section. It has to be noticed that the central values obtained in each case for ρ, sin2α or f B are rather arbitrary because the informations on these quantities are obtained with the present central values and reduced uncertainties on the different parameters entering into the measurements. Only quoted uncertainties on these quantities are meaningful.
"Year 2000" scenario.
The central values and uncertainties of the parameters, used for this scenario, are given in the third column of Table 2 . This scenario, named "Year 2000", corresponds to the possible situation at the threshold of the year 2000, before the start up of B-factories. It includes the "possible" latest CLEO and LEP results. A sensitivity at 12.5 ps −1 on ∆m s is considered and, in addition, better estimates for the f B , B B , ξ and B K parameters on which uncertainties have been reduced by a factor of about two. The error used for f B comes from the current determination of f Ds whereas the central value is kept the same as in eq. (33) . The improvements on A, m t and The new allowed region for the ρ and η parameters is shown in Figure 7 . It corresponds to: sin2α = 0.24 ± 0.41; sin2β = 0.65
The sin2α, sin2β distributions are shown in Figure 8 . Two scenarios are presented in the following. The "τ -Charm" scenario which considers the possibility of having a τ -Charm factory operating at the beginning of the next millenium, allowing an accurate control of non-perturbative QCD parametrs. The CPphases scenario which shows the importance of the direct measurement of sin2α and sin2β. Several experimental facilities have been approved for the latter purpose whereas none τ -charm factory is foreseen yet. The aim of separately showing the two scenarios is to stress their complementary and to underline, at least once, the importance of having a τ -Charm factory project soon operating.
6.4.2
"τ -Charm" scenario.
This scenario considers the possibility of having a τ -Charm factory operating at the beginning of the next millenium. In the previous scenario it has been shown that the ρ parameter is still known three times less precisely than the η parameter. This is mainly due to the uncertainty on f B . At a τ -Charm factory f Ds and f D + can be measured with a precision at the per cent level. Following the approach described in 6.1.1, f B may be determined with a precision better than 5%. To reach this goal a joint effort, between experimentalists and theorists working on lattice QCD, is needed. Assuming 2.5 % accuracy on the quantity
, the expected accuracy on the ρ and η parameters comes out to be:
and the new allowed region is shown in Figure 9 . The information coming from ∆m s result is not used, the reason being that the measurement of f 
and their expected distributions are shown in Figure 10 . The inclusion of the ∆m s constraint slightly improves the errors on the ρ and η parameters.
"CP-phases" scenario.
In this scenario, the direct measurement of sin2α and sin2β is considered. Several experiments have been approved for this purpose. HERA-B at DESY and the Fermilab experiments ( the upgrades of D0 and CDF experiments ) are mainly sensitive to sin2β via the reconstruction of the decay B → J/ψK 0 s . As shown in Section 5.2.5 the current precision on sin2β, obtained from indirect measurements in the framework of the Standard Model and of the C.K.M. matrix, is ±0.13 and it is expected to improve down to ±0.07 in the year 2000. The HERA-B experiment foresees to have a precision on sin2β of the order of ±0.20 and an accuracy of ±0.10 is expected at Fermilab experiments. The e + e − asymmetric B-factories ( BaBar at SLAC and BELLE at KEK ) can measure both sin2β and sin2α, the latter via the reconstruction of the decay B → π + π − . Assuming that these two quantities are measured with a precision of: δ(sin2β) = ±0.10 ; δ(sin2α) = ±0.10 and considering that the other parameters, listed in Table 2 , are known with an accuracy corresponding to the "Year-2000" scenario, the expected precisions on ρ and η are then:
This corresponds to an equivalent precision of ±9MeV on the f B d parameter.
The new ρ-η allowed region is shown in Figure 11 . It should be reminded that B-factories will contribute to reduce the ρ − η region by performing also additional measurements on The contours at 68% and 95 % C.L. in the ρ-η plane obtained in the "τ -Charm" scenario ( clearer contours ) are compared with those coming from the measurement of the quantities sin2α and sin2β, alone, with ± 0.10 accuracy at future B-factories ( darker contours ). Table 4 : Results for sin2α and sin2β in the different scenarii. For the CP-phases scenario the errors refer to the direct measurement of the angles.
and on |V cb |. It will be of interest to compare the ρ-η allowed regions in the two following different approaches :
• the precise measurements of the sides of the unitary triangle, which requires an accurate control of non-perturbative QCD parameters ("Year-2000" and "τ -Charm" scenarii) corresponding to a determination of f B d with an error of 10 MeV or better,
• the precise measurements of the angles ("CP-phases" scenario).
The two selected ρ-η allowed regions are shown in Figure 12 . A summary of the results expected on ρ-η, ∆m s and f B d B B d in the different scenarii is given in Table 3 . Table 4 gives the summary for the sin2α and sin2β variables.
7
Possible effects from supersymmetric particles. 
The same quantity ∆ appears in the expression of | ǫ K |. The ∆ parameter can be written
The Standard Model predicts : ∆ = 2.55 ± 0.15, where the error takes into account the uncertainty on the top mass. The present data can be then fitted using the new expressions for ∆m d and | ǫ K | fitting ∆ together with the parameters ρ and η, the result is : ρ = 0.20 Table 5 : Results on the ∆ parameter in the different scenarii. The limits on m SU SY are given in GeV /c 2 at 95 % C.L.
The same fit has been performed for the scenarii presented in the previous section and results have been summarized in Table 5 . Since the central values of all parameters entering into the fit have been fixed at the presently measured ones, only the expected error on ∆ is given. To see the possible implications of such a precision on the ∆ parameter a particular example is discussed in the following, in the framework of the MSSM extension of the Standard Model, stressing the constraints that can be obtained essentially on the masses of the lightest supersymmeric particles. The theoretical framework is discussed in [47] . In this framework light stop-right (t) and higgsinos are considered assuming that tan 2 β is lower than m t /m b and that the stop-left and the gauginos are heavy. In this scenario ∆ can be written :
∆ H and ∆ SU SY denote the contributions to the box diagram from charged Higgs boson and from R-odd supersymmetric particles respectively; for the latter, contributions of the stop-right (t) and of the charged higgsino (χ) are considered. The expression for these quantities are given in [47] . In the region of masses between 60 and 150 GeV/c 2 , ∆ SU SY dominates over ∆ H because the former depends on (mt + mχ)/2 and is enhanced by the presence of the factor (m 2 t /m 2 SU SY ) and, due to the term 1/sin 4 (β), is rapidly growing for tanβ ≃ 1.
In the following the term ∆ H has been neglected and the stop-right and the charged higgsino are supposed to have the same mass (generically indicated as m SU SY in the following). The quantity ∆ is then defined as:
Its variation is shown in Figure 13 , as a function of the higgsino (stop-right) mass. It can be noticed that ∆m d can be large for small values of this mass and values of tanβ close to unity.
The present result (59) does not give any stringent constraint on SUSY parameters. Sofar no limit on the mass of the lightest supersymmetric particle can be set. This can be clearly seen in Figure 14 . The same fit has been repeted for the scenarii presented in the previous section and results have been summarized in Table 5 . A limit on m SU SY is obtained, using as a central value for ∆, the Standard Model expectation. Significant limits can be set for small values of tanβ.
It is important to stress that also in the SUSY framework the V CKM matrix is unitary. Figure 15: ∆m s probability distributions obtained with the same constraints as in Figure  2 . The first distribution, on the left, corresponds to the ∆m s probability distribution as obtained in the Standard Model ( same as in Figure 5 ). The other distributions are obtained in the supersymmetric scenario using tanβ =1.5 and, from left to right, m SU SY = 160, 120 and 80 GeV/c 2 .
It can happen that the different constraints, as they are expressed in the Standard Model parametrization, do not converge at the same point. SUSY can then be invoked. Finally it is important to stress that, in this approach, the ratio ∆m d /∆m s remains the same as in the Standard Model in terms of ρ and η. But as, in this scenario, the favoured values for ρ and η are not the same as in the Standard Model (see Figure 14) , the value of ∆m s will be different. This effect is shown in Figure 15 . The ∆m s probability distribution moves towards higher values for decrasing values of the mass of the lightest supersymmetric particle.
8 Conclusions.
The Wolfenstein parametrization describes the V CKM matrix in terms of four parameters :λ, A, ρ, η and λ is known with a precision better than 1%. The recent theoretical progress and the new precise measurements of the inclusive lifetime and of the semileptonic branching fraction of B hadrons, as well as a new approach in the HQET framework which makes use of the measurement of BR(B → D * ℓν) , allow to get a precise value of A: A = 0.81 ± 0.04. The ρ and η parameters have been determined using the constraints from the measurements of |V ub | |V cb | , | ǫ K | and ∆m d and the limit on ∆m s . The η parameter which is related to the CP violating phase is different from zero and is equal to η = 0.35 ± 0.06. A further reduction on the uncertainty on A will allow to decrease the uncertainty on η. The ρ parameter is at present poorly known. Its determination has been recently improved by the limit obtained on ∆m s , the fitted value is ρ = 0.10 +0.14 −0.21 . The uncertainty on ρ is dominated by the precision on the non-perturbative QCD parameter f B √ B B . It has been shown, that using available constraints from It has been also shown that the value of ∆m s cannot be too large in the Standard Model ( Figure 15 ). It is expected to lie, within one sigma, in the range between 6.5 and 15 ps −1 , the most probable value being 10 ps −1 . With the present combined lower limit of ∆m s > 8.0ps
−1 at 95 % C.L. LEP experiments are then exploring a very interesting region. It has been also shown that the introduction of light supersymmetric particles in the loops can significantly displace the ∆m s distribution towards higher values. A significant comparison between a future direct measurement of sin2β and the present evaluation of this quantity, sin2β = 0.67 +0.12 −0.13 , in the framework of the Standard Model has been also presented. If no progress is obtained in the evaluation of f B , the evaluation of sin2α from the measurement of the sides of the unitary triangle will remain too uncertain to be compared with the direct measurement. A precise determination of f Ds and f D + at a future τ -Charm factory can be used to verify lattice QCD evaluations of these quantities. A precise determination of f B can then be obtained using these measurements and the extrapolation from the D to the B sector, as predicted by lattice QCD. A restricted region can be isolated in the (ρ-η) plane which has a similar extension as expected from direct measurement of sin2α and sin2β with ±0.1 uncertainty. Finally the present data have been analyzed in a SUSY model, in the framework of a given scenario. Sofar no stringent limits can be set on the mass of the lightest supersymmetric particles. The Standard Model fails if the different measurements are not compatible with the same values of ρ and η. It has been shown that in the SUSY framework different parametrizations of | ǫ K | and ∆m d are obtained providing the extra terms to accomodate this eventual problem.
